METHOD OF FORMING NONVOLATILE MEMORY DEVICE 



CROSS REFERENCE TO RELATED APPLICATIONS 
This application claims priority under 35 USC § 1 19 to Korean Patent Application 
2002-61719, filed on October 10, 2002, the contents of which are herein incorporated by 
reference in their entirety. 

BACKGROUND OF THE INVENTION 
L Field of the Invention 

The present invention relates generally to a method of forming semiconductor devices 
and more specifically to a method of forming a nonvolatile memory device. 

2. Background of the Invention 

Semiconductor memory devices are classified into volatile memory devices and 
nonvolatile memory devices. Volatile memory devices lose the entire data stored in their 
memory cells when the power supply is cut. Meanwhile, nonvolatile memory devices sustain 
data stored in their memory cells even if the power is cut. For example, DRAM and SRAM 
are types of volatile memory devices, and flash memory device is a type of non-volatile 
memory device. 

The flash memory device can electrically erase and remove data. A stack gate type of 
flash memory device makes it possible for highly integrated semiconductor devices. The 
stack gate type flash memory device comprises a tunnel insulation layer, a floating gate 
electrode, a control gate insulation layer, and a control gate electrode. 

Meanwhile, as semiconductor devices become more highly integrated in a chip, there 
is an increasing need for lower operation voltages and smaller line widths. Accordingly, the 
coupling ratio of the flash memory device becomes an issue. The coupling ratio is a ratio of 
induced voltage of the floating gate electrode to operation voltage supplied to the control gate 
electrode. That is, as the coupling ratio increases, the voltage that is induced to the floating 
gate electrode by the operation voltage applied to the control gate electrode also increases. As 
a result, the operational voltage of the flash memory device can be decreased. The coupling 
ratio can be raised by increasing the capacitance between the floating gate electrode and the 
control gate electrode. Consequently, methods have been proposed to broaden an area of the 
floating gate electrode so as to raise the capacitance between it and the control gate electrode. 

Patent Application 1 Docket No. 459 1 -336 

Client No. IC12120-US 



Fig. 1-3 are cross-sectional views showing steps of forming a traditional nonvolatile 
memory device. 

Referring to Fig. 1, a buffer oxide layer, a first floating gate conductive layer, and a 
first hard mask layer, which are not shown in the drawing, are sequentially formed on a 
5 semiconductor substrate 1. The first hard mask layer, the first floating gate conductive layer, 
and the buffer oxide layer are successively patterned to expose a predetermined region of the 
semiconductor substrate 1, thereby forming a buffer oxide pattern 2, a first floating gate 
pattern 3, and a first hard mask pattern 4 that are sequentially stacked. The buffer oxide 
pattern 2 is formed of thermal oxide and the first floating gate pattern 3 is formed of doped 

10 polysilicon. Additionally, the first hard mask pattern 4 is formed of silicon nitride. Using the 
first hard mask pattern 4 as an etch mask, the exposed semiconductor substrate 1 is 
selectively etched to form a trench 5 having a predetermined depth from the top of the 
semiconductor substrate. 

Referring to Fig. 2, a device isolation insulating layer (not shown) is formed on the 

1 5 surface of the semiconductor substrate 1 to fill in the trench 5. Then, the device isolation 
insulating layer is planarized until the first hard mask pattern 4 is exposed. This forms a 
device isolation layer 6 within the trench 5. Next, the exposed first hard mask pattern 4 is 
etched until the first floating gate pattern 3 is exposed. A second floating gate conductive 
layer 7 and a second hard mask layer 8 are sequentially formed on the surface of the 

20 semiconductor substrate 1 with the exposed first floating gate pattern 3. The second floating 
gate conductive layer 7 is formed of doped polysilicon and the second hard mask layer 8 is 
formed of silicon oxide. A photoresist pattern 9 is then formed on the second hard mask layer 
8. The photoresist pattern 9 is formed over the first floating gate pattern 3. 

Referring to Fig. 3, using the photoresist pattern 9 as a mask, the second hard mask 

25 layer 8 is etched to expose the second floating gate conductive layer 7, thereby forming a 

second hard mask pattern 8a. The photoresist pattern 9 is removed and spacers 10 are formed 
on both sidewalls of the second hard mask pattern 8a. The spacers are formed of silicon 
nitride. Using the second hard mask pattern 8a and the spacers 10 as a mask, the second 
floating gate conductive layer 7 is etched to expose the device isolation layer 6, thereby 

30 forming a second floating gate pattern 7a. 

According to the above method, the area of the second floating gate pattern 7a is 
widened by the spacers 10. That is, the surface area of the second floating gate pattern 7a 
increases by the width of the bottom areas of the spacers 10. However, in region "a" the 
second floating gate conductive layer 7 may not get completely etched because of the tight 
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dimensions in region "a." This in turn leaves a bridge between the adjacent second floating 
gate patterns 7a. This bridge may be even more prominent with higher device integration 
because of even tighter dimensions in region "a." 

SUMMARY 

Embodiments of the present invention are directed to a method of forming a memory 
device while preventing bridges, which can occur when the interval distance between the 
conventional floating gate electrodes is decreased to accommodate higher integration of the 
devices on a chip. 

According to one embodiment, a tunnel insulation pattern and a first floating gate 
pattern, which are sequentially stacked, are formed on a semiconductor substrate. A trench is 
formed in the semiconductor substrate. Next, a device isolation layer is formed to fill in the 
trench. An etch stop layer and a mold layer are sequentially formed on the device isolation 
layer and on the first floating gate pattern. The mold layer and the etch stop layer are 
successively patterned to form a groove exposing at least the first floating gate pattern. A 
second floating gate pattern is then formed to fill the groove. 

Specifically, the etch stop layer is preferably formed of a material having an etch 
selectivity with respect to the device isolation layer and the first floating gate pattern. The 
mold layer is formed of a material having an etch selectivity with respect to the etch stop 
layer. 

According to one aspect of the present invention, the groove can be formed by the 
following method. A photoresist pattern is formed on the mold layer, wherein the 
photoresist pattern includes an opening, which exposes a predetermined region of the mold 
layer. Using the photoresist pattern as a mask, the mold layer is etched by an isotropic etching 
process to form a preliminary groove that exposes the etch stop layer overlying the first 
floating gate pattern. The photoresist pattern is then removed from the semiconductor 
substrate with the preliminary groove and the etch stop layer exposed in the preliminary 
groove is etched to form a groove exposing at least the first floating gate pattern. This groove 
is wider than the opening. 

In this embodiment of the present invention, a method of forming the second floating 
gate pattern comprises forming a second floating gate conductive layer on the surface of the 
semiconductor substrate to fill in the groove, and then planarizing the second floating gate 
conductive layer to expose the patterned mold layer. This method thereby forms a second 
floating gate pattern within the groove. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
Figs. 1 -3 are cross-sectional views showing steps of forming a conventional 
nonvolatile memory device. 

Figs. 4-11 are cross-sectional views showing a method of forming a nonvolatile 
5 memory device in accordance with an embodiment of the present invention. 

DETAILED DESCRIPTION 
The present invention will be described more fully hereinafter with reference to the 
accompanying drawings, in which embodiments of the invention are shown. This invention, 

10 however, may be embodied in many different forms and should not be construed as limited to 
the embodiments set forth herein. Rather, these embodiments are provided so that this 
disclosure will be thorough and complete, and will fully convey the scope of the invention to 
those skilled in the art. In the drawings, the thicknesses of layers and regions are exaggerated 
for clarity. It will also be understood that when a layer is referred to as being "on" another 

15 layer or substrate, it can be directly on the other layer or substrate, or intervening layers may 
also be present. 

Figs. 4-11 are cross-sectional views showing a method of forming a nonvolatile 
memory device in accordance with an embodiment of the present invention. 

Referring to Fig. 4, a tunnel insulation layer 102, a first floating gate conductive layer 

20 103, a buffer insulation layer 104, and a hard mask layer 105 are sequentially formed on a 
semiconductor substrate 101. The tunnel insulation layer 102 may be formed of thermal 
oxide. The first floating gate conductive layer 103 may be formed of doped polysilicon. The 
buffer insulation layer 104 serves as a protector of the first floating gate conductive layer 103 
from stress of the hard mask layer 105, and may, for example, be formed of CVD silicon 

25 oxide. The buffer insulation layer 104 may also be omitted. The hard mask layer 105 may be 
formed of a material, such as silicon nitride, which has an etch selectivity with respect to the 
semiconductor substrate 101. 

Referring to Fig. 5, the hard mask layer 105, the buffer insulation layer 104, the first 
floating gate conductive layer 103, and the tunnel insulation layer 102 are successively 

30 patterned to expose a region of the semiconductor substrate 101. This patterning forms a 
tunnel insulation pattern 102a, a first floating gate pattern 103a, a buffer insulation pattern 
104a, and a hard mask pattern 105 a that are sequentially stacked. The patterns 102a, 103 a, 
104a, and 105a may be formed to have a line-shape. 
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Using the hard mask pattern 105 a as a mask, the exposed semiconductor substrate 101 
is selectively etched to form a trench 106, which has a predetermined depth from the top of 
the semiconductor substrate 101. Sidewalls of the trench 106 are aligned with sidewalls of the 
first floating gate pattern 103 a. The trench 106 defines an active region and the first floating 
5 gate pattern 103 a lies over the active region. 

A device isolation insulting layer 107 is formed to fill in the trench 106. The device 
isolation layer 107 may be formed of silicon oxide, which is used as a general device 
isolation insulating layer. 

Referring to Fig. 6, the device isolation insulting layer 107 is planarized until the hard 

10 mask pattern 105a is exposed, thereby forming a device isolation layer 107a, which continues 
to fill the trench 106. Next, the exposed hard mask pattern 105a and the buffer insulation 
layer 104a are etched until the first floating gate pattern 103 a is exposed. 

An etch stop layer 110 and a mold layer 1 1 1 are sequentially formed on the surface of 
the semiconductor substrate 101 with the exposed first floating gate pattern 103a. The etch 

15 stop layer 1 10 is preferably formed of materials having etch selectivity with respect to the 
device isolation layer 107a and the first floating gate pattern 103 a, for example, silicon 
nitride. The mold layer 1 1 1 is preferably formed of materials having etch selectivity with 
respect to the etch stop layer 110, for example, silicon oxide. Next, a photoresist pattern 112, 
including an opening 1 13, is formed on the mold layer 111. The opening 113 exposes a 

20 predetermined region of the mold layer 1 1 1 . In this embodiment of the present invention, the 
exposed mold layer 111 lies over the first floating gate pattern 103a. A line width W of the 
photoresist pattern 112 may become a minimum line width that can be defined in a 
photolithographic process. Therefore, a width LI of the opening 113 becomes a maximum 
width that can be defined in the photolithographic process. 

25 Referring to Figs. 7 and 8, using the photoresist pattern 1 12 as a mask, the mold layer 

1 1 1 is etched by an isotropic etching process, thereby forming a mold pattern 111a including 
a preliminary groove 114 exposing the etch stop layer 1 10. A width L2 of the preliminary 
groove 1 14 is formed wider than the width LI of the opening 113 (Refer to Fig. 6) by the 
isotropic etching. That is to say, the width L2 of the preliminary groove 114 may be formed 

30 wider than a maximum interval that can be defined in the photolithographic process (i.e., the 
width LI of the opening 113). 

In this embodiment, the etch stop layer 110 exposed in the preliminary groove 114 
lies on the floating gate pattern 103a and a predetermined region of the device isolation layer 
107a, which neighbors the first floating gate pattern 103a. 
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Referring to Fig. 8, the photoresist pattern 1 12 on the mold pattern 1 1 la is now 
removed and the etch stop layer 110 exposed in the preliminary groove 1 14 is then etched to 
form a secondary groove 1 14a. This secondary groove 1 14a exposes at least the first floating 
gate pattern 103 a. In addition, a predetermined region of the device isolation layer, which 
5 neighbors the first floating gate pattern 103 a, is preferably exposed. The etch stop pattern 
1 10a is still interposed between the mold pattern 111a and the device isolation layer 107a. 
This means that the sidewalls of the secondary groove 1 14a comprise the mold pattern 111a 
and the etch stop pattern 1 10a. 

A second floating gate conductive layer 1 15 is formed on the surface of the 

10 semiconductor substrate 101 to fill the secondary groove 1 14a. The second floating gate 
conductive layer 115 can be formed of doped polysilicon, for example. 

Referring to Figs. 9, 10, and 11, the second floating gate conductive layer 1 15 is 
planarized to expose the mold pattern 111a, thereby forming a second floating gate pattern 
1 15a within the secondary groove 1 14a. The second floating gate pattern 1 15a is separated 

15 from adjacent second floating gate patterns 1 15a by the planarization process. Thus, bridges 
can be prevented. In other words, according to the present invention, a patterning process for 
forming the second floating gate pattern 1 15a may not be required. On the contrary, the 
secondary groove 1 14a is formed where the second floating gate pattern 1 15a will be formed. 
Then, a planarization process is performed to form the second floating gate pattern 1 15a that 

20 fills the secondary groove 1 14a. Therefore, bridges can be prevented that usually result from 
regions not being fully etched due to high device integration. The second floating gate pattern 
can be formed to have a surface area larger than the maximum area that can be defined in the 
photolithographic process because of the secondary groove 1 14a. As a result, the coupling 
ratio of a nonvolatile memory device can be increased and the operation voltage can thereby 

25 be decreased. 

Referring to Fig. 10, the exposed mold pattern 111a and the etch stop pattern 1 10a are 
successively etched to expose the device isolation layer 107a. Therefore, both sidewalls of 
the second floating gate pattern 1 15a are exposed. A control gate insulation layer 116 and a 
control gate conductive layer 1 17 are conformally formed on the surface of the 
30 semiconductor substrate. In this case, the control gate conductive layer 117 may fill spaces 
between the second floating gate patterns 1 15a. The control gate insulation layer 116 can be 
formed of an oxide-nitride-oxide (ONO). Additionally, the control gate insulation layer 116 
may be formed of a high-k dielectric that has a higher dielectric constant than ONO. The 
control gate conductive layer 117 may be formed of a doped polysilicon layer or a polycide 

Patent Application 6 Docket No. 4591-336 

Client No. IC12120-US 



layer. A polycide layer comprises a doped polysilicon layer and a metal silicide layer that are 
sequentially stacked. 

Referring to Fig. 11, the control gate conductive layer 117, the control gate insulation 
layer 116, the second floating gate pattern 1 15a, and the first floating gate pattern 103a are 
5 successively patterned to form a first floating gate electrode 103b, a second floating gate 
electrode 1 15b, a control gate insulation pattern 1 16a, and a control gate electrode 107a that 
are sequentially stacked. In this case, the tunnel insulation pattern 102a is etched to remain 
under the first floating gate electrode 103b. The first and second floating gate electrodes 103b 
and 1 15b compose the floating gate electrode 120, which along with the control gate 

10 electrode 1 17a, crosses over the active region. 

According to the present invention, an etch stop layer and a mold layer are formed on 
a first floating gate pattern and then successively patterned to form a groove exposing at least 
the first floating gate pattern. A second floating gate conductive layer is formed to fill the 
groove and then planarized until the patterned mold layer is exposed, thereby forming a 

15 second floating gate pattern. Therefore, bridges can be prevented that usually result from 

regions not being fully etched due to high device integration. In addition, because the groove 
is formed by isotropic etching, the area of the second floating gate pattern increases. Also, 
the nonvolatile memory device can reduce its operational voltage. 

While this invention has been particularly shown and described with references to 

20 preferred embodiments thereof, it will be understood by those skilled in the art that various 
changes in form and details may be made therein without departing from the spirit and scope 
of the invention as defined by the appended claims. 
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